The antioxidative substances contained in cacao liquor, which is one of the major ingredients of chocolate, were separated by column chromatography and high-performance liquid chromatography. Three major compounds were purified and two of them were identified by 'H, 13C NMR and mass spectra as (-)-epicatechin (EC) and (+) -catechin (CA). Their antioxidative activity was measured by monitoring the peroxide value of linoleic acid and the thiobarbituric acid-reactive substance values of erythrocyte ghost membranes and microsomes. EC and CA had strong antioxidative effects in all three methods, but one unidentified peak was found to be less effective. Additionally, we ana lyzed the polyphenol concentration of cacao liquor extractions produced in several countries. The total polyphenol concentration was 7.0 to 13.0%, catechin concentration was 0.31 to 0.49%, and epicatechin con centration was 0.35 to 1.68% in the extractions. It is believed that cho colate is stable against oxidative deterioration on account of the presence of these polyphenolic compounds, and it is also expected to have a pro tective role against lipid peroxidation in living systems.
Among the various foods, chocolate is stable against oxidative deterioration. This is considered to be due to the fatty acid composition (6) and polyphenolics in cacao beans (7) (8) (9) .
According to a previous report, approximately 8% of the polyphenolics in unfermented beans is leukocyanidins and catechins (7) . Furthermore, in the process of making cacao liquor, where fermentation, roasting and grinding of raw beans is conducted, it is assumed that these compounds undergo major change, however such changes have not been reported.
In this study, we performed the isolation, structural elucidation, analysis of concentration and antioxidative evaluation of hydrophilic polyphenolics in cacao liquor as the major ingredients of chocolate. 
RESULTS

Isolation of antioxidants from cacao liquor
The procedure adopted for the isolation and purification of polyphenols from cacao liquor is outlined in Fig, 1 . The antioxidative activity of each fraction measured with the linoleic acid system is shown in Fig. 2 . The fraction eluted with 30% acetone (fraction 2) showed a prolonged induction period as compared with the control and the other fractions. Further purification of this fraction (fraction 2) was carried out by preparative HPLC. Three major peaks, compounds A, B and C detected at 280 nm (Fig. 3) , were collected individually. Evaluation of antioxidative activity All experiments were done three times, and one of the typical results shown. 1) Effects on the linoleic acid oxidation. As shown in Fig. 4 , compounds A and C had potent antioxidative activity equal to a-tocopherol. Compound B exhibited weak antioxidative activity.
2) Effects on the erythrocyte membrane ghost system. As shown in Fig. 5 , compounds A and C showed marked antioxidative activity, but compound B showed only weak activity. These results are roughly the same as in the case of the linoleic acid system. 3) Effects on the microsomal system. All three components used in this study were more effective than a-tocopherol in this method, as shown in Fig. 6 
Concentration of polyphenols in extractions
The total polyphenol concentration in the extracts derived from cacao liquor was 6.7 to 13.0% as shown in Table 1 . These results show that the polyphenol content in cacao liquor differs with the place of production. The concentration of catechin was 0.31 to 0.49%, and that of epicatechin was 0.35 to 1.68%. These contents correlate with the total polyphenols of each sample. On the contrary, the extract derived from raw beans imported from Ghana showed a polyphenol content of about twofold before processing when compared with that of the cacao liquor made from the same beans. Furthermore, the concentrations of epicatechin and catechin in the extract from raw beans were about seven and tenfold when compared with that in the extract from cacao liquor.
DISCUSSION
Epicatechin and catechin are widely distributed in plants and have potent antioxidative activity (16, 17) . We confirmed their effectiveness using three model experiments, and their antioxidative activities were similar to previous reports (17) . In cacao liquor, their concentrations are low as shown in Table 1 . However, it is considered that these catechins contribute the most antioxidative effects in this extract. In the study, using microsomes, 80% of the antioxidative activity of the extracts was explained as epicatechin and catechin contribution (Fig . 6) .
In this study, we detected one unidentified peak in the HPLC chromatograph which might be a phenolic compound since a black sediment was produced after incubation with iron(III) chloride. This component showed antioxidative activity only on the microsomel system. It is believed that this component might produce a chelate compound with iron, which was added in order to induce oxidation .
In this study, the total polyphenols recovered from cacao liquor produced by fermentation and roasting of raw cacao beans was twofold less as compared to the extract derived from raw beans. Catechin contents were also 7 to 10 times less . We did not detect other reported phenolic substances such as leukocyanidine (7) . These results suggest two possibilities. The first one is concerned with the source of the extract. In the process of making cacao liquor, cacao beans are fermented and roasted. These steps might influence the contents and chemical structures of the polyphenolic substances. The recovery of total polyphenols and catechins was not correlated, and this might lead to disparity. The second possibility is the method of extraction. In the case of green tea (16) , low molecular phenols such as catechins are extracted sufficiently by hot water. In the case of cacao liquor , however, the polyphenols might not have been extracted in sufficient quantities. According to previous reports, catechins are polymerized during fermentation. For instance, theaflavins were produced in black tea (18) and procyanidins were increased in red wine (19) . It is believed that these compounds were produced with the catechins during fermentation. A similar process as that for black tea and red wine was performed to make cacao liquor. The polymerization of catechins was expected, but we did not detect such a change.
According to these findings, further experiments are required to explain the antioxidative activities of cacao liquor.
